Searching PAJ 



1/2 <<— V 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2002-1 6401 1 

(43)Date of publication of application : 07.06.2002 



(51)Int.CI. 



H01J 37/141 
G03F 7/20 
G03F 9/02 
HOI J 37/04 
HOI J 37/26 
H01L 21/027 



(21) Application number : 2001-272363 

(22) Date of filing : 07.09.2001 



(71 Applicant : CARL ZEISS STIFTUNG TRADING 
AS CARL ZEISS 

(72)Inventor : KIENZLE OLIVER 
WEIGAND HOLGER 



(30)Priority 

Priority number : 2000 10044199 



Priority date : 07.09.2000 Priority country : DE 



— . L 
j fa 



(54) PARTICLE-OPTICAL COMPONENT AND SYSTEM INCLUDING PARTICLE- OPTICAL 
COMPONENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic lens 
device capable of highly accurately operating a charged 
corpuscular beam moved on the symmetry axis. 
SOLUTION: In the magnetic lens device for generating a 
deflecting magnetic field for the charged corpuscular 
beam, the magnetic lens device has a focusing lens 
device 17 substantially in the rotational symmetry on the 
symmetry axis 19 of an assembly, and generating a 
magnetic field acting as a focusing lens 7 having the 
optical axis on the corpuscular beam passing through the 
magnetic field, and an axially moving device 29 
superposed on the magnetic field generated by the 
focusing lens device 17, and generating a corrected 
magnetic field acting on the corpuscular beam so as to 
symmetrically move the optical axis to the symmetry 
axis 19 of the assembly, and is characterized in that the 
axially moving device 29 is provided with plural 
conductive coils for generating the corrected magnetic 
field in at least one axially moving coils 31 and 33. 
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CLAIMS 



[Claim(s)] 

[Claim l] With the magnetic-lens equipment for offering the deviation field for a 
charged-particle line, it is related with the symmetry axis (19) of an assembly. 
Substantially by the symmetry of revolution The focusing lens equipment which 
generates the field which acts as a focusing lens which has an optical axis in the 
corpuscular ray which passes the field (5 7), And so that it may pile up on the field 
generated by the above-mentioned focusing lens equipment (5 7) and an optical axis 
can move to the symmetry axis (19) of an assembly in parallel In magnetic-lens 
equipment equipped with the axial migration equipment (31 33) which generates the 
correction field which acts on a corpuscular ray magnetic migration equipment (29) It 
is installed in concentric circular about a symmetry axis, there is no conductivity 
substantially, and it consists of ingredients which have magnetic high permeability. It 
has the first set (53) of the ring (55) which vacated spacing for shaft orientations and 
was installed in them. It is magnetic-lens equipment which two or more electric 
conduction coils for generating a correction field in an at least one shaft moving coil (31 
33) are installed, and is characterized by coiling the electric conduction coil of an axial 
moving coil (31 33) around at least one ring (55) of the first ring set (53). 
[Claim 2] The magnetic-field-strength distribution which met the symmetry axis of the 
component of the correction field which crosses a symmetry axis in the magnetic-lens 
equipment by claim 1 is magnetic-lens equipment characterized by being proportional 
to the first derivative of a component parallel to the symmetry axis of the field 
generated by focusing lens equipment in accordance with a symmetry axis 
substantially. 

[Claim 3] It is magnetic-lens equipment characterized by having the axial moving coil 
(31 33) which it had the pole piece termination (35) which focusing lens equipment (5 
7) vacated spacing for two shaft orientations which counter a symmetry axis in the 
magnetic-lens equipment by claims 1 or 2, and was installed, and axial migration 
equipment (25) was related with each pole piece termination (35), and was installed 
between pole piece termination and a symmetry axis. 

[Claim 4] Magnetic-lens equipment characterized by making a monopodium moving 
coil (31 33) accompany each pole piece termination (35) in the magnetic-lens 
equipment by claim 3. 

[Claim 5] It is magnetic-lens equipment characterized by winding an axial moving coil 
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(31 33) around one piece or two or more rings (55) of the first ring set (53) in the 
magnetic-lens equipment by claims 3 or 4. 

[Claim 6] In the magnetic-lens equipment by either of claims 1-5, it is installed in 
concentric circular about a symmetry axis. The second set (49) of the ring which there 
is no conductivity substantially, consisted of ingredients which have magnetic high 
permeability, and was vacated and installed in shaft orientations spacing The ring (55) 
of the first ring set (53), Magnetic-lens equipment characterized by seeing to shaft 
orientations, being installed outside and rolling the axial moving coil (31 33) there. 
[Claim 7] Magnetic-lens equipment characterized by having at least one aberration 
prevention coil (37) which has further two or more electric conduction coils coiled 
around the first or/and second at least one of the rings (55 51) of a ring set (53 49) in 
the magnetic-lens equipment by either of claims 1"6. 

[Claim 8] Magnetic-lens equipment characterized by installing a dynamic focusing coil 
(39) between an aberration prevention coil (37) and a symmetry axis in the 
magnetic-lens equipment by claim 7. 

[Claim 9] Magnetic-lens equipment characterized by for a dynamic focusing coil (39) 
seeing to the shaft orientations of the ring (55) of the first ring set (53), and installing 
it inside in the magnetic-lens equipment by either of claims 1-7. 

[Claim 10] It is deviation equipment for making the second cross section of the 
corpuscular ray in the second flat surface (13) carry out particle optical image 
formation of the first cross section (11) of the charged-particle line in the first flat 
surface (9). By the magnetic-lens doublet (3) equipped with the first focusing lens (5) 
installed between the first flat surface and the second flat surface, and the first 
focusing lens (5) and the second focusing lens (7) installed between the second flat 
surface (13) The first and the second focusing lens are installed on a common axis of 
symmetry (19), and the plane of symmetry (21) of a doublet (3) is installed between the 
first and the second focusing lens. The distance of the first flat surface (9) and plane of 
symmetry (21) is twice the focal distance (0 of the first focusing lens (5). The 
magnetic-lens tablet whose distance of the second flat surface (13) and plane of 
symmetry (21) is twice the focal distance (0 of the second focusing lens (7), It is 
installed between the first and the second focusing lens, and this with the corpuscular 
ray migration equipment (25) which a corpuscular ray passes In deviation equipment 
equipped with the corpuscular ray migration equipment (25) which makes the axial 
migration (M) which can be adjusted between the corpuscular ray included in 
corpuscular ray migration equipment (25), and the corpuscular ray which comes out 
from here cause The first focusing lens or/and second focusing lens are deviation 



equipment characterized by putting on the field which a focusing lens (5 7) generates, 
acting on a corpuscular ray, and having axial migration equipment which generates 
the correction field by which the optical axis of a focusing lens is moved to the 
symmetry axis (19) in parallel. 

[Claim 11] It is deviation equipment characterized by having two deviation units (41 
43) which corpuscular ray migration equipment (25) is symmetrically arranged about a 
symmetry axis in the deviation equipment by claim 10, and generate a deviation 
magnetic field, respectively. 

[Claim 12] Deviation equipment characterized by a deviation field being generated by 
the deflecting coil (41) constituted with the ingredient which it has two or more electric 
conduction coils, and it is wound around at least one ring (61) installed in concentric 
circular about a symmetry axis (19), and there is no conductivity substantially in the 
deviation equipment by claim 11, and has magnetic high permeability. 
[Claim 13] In the deviation equipment by claim 12, it is arranged about a symmetry 
axis (19) concentric circular. It has the third set (59) of the ring (61) which vacated 
spacing for shaft orientations and was installed in them. It is deviation equipment 
which said ring does not have conductivity substantially, consists of ingredients which 
have magnetic high permeability, and is characterized by coiling the electric 
conduction coil of a deflecting coil (41) around at least one ring (61) of the third ring set 
(59). 

[Claim 14] It is deviation equipment characterized by consisting of ingredients which 
it sees in the deviation equipment by claim 13 to the shaft orientations of the ring (61) 
around which the deflecting coil (41) is wound among the third ring set (59), field 
shielding is installed outside, and said field shielding does not have conductivity 
substantially, and have magnetic high permeability. 

[Claim 15] It is deviation equipment characterized by to have two or more rings (63) 
which vacated spacing for the shaft orientations of the cylinder which follows the shaft 
orientations which consisted of ingredients which field shielding is installed in 
concentric circular about a symmetry axis (19), and there is no substantial conductivity, 
and have magnetic high permeability, or the fourth ring set (65) in the deviation 
equipment by claim 14, and were installed. 

[Claim 16] It is deviation equipment characterized by equipping the first, or the 
/second focusing lens (5 7) with the magnetic-lens equipment by either of claims 1"7 in 
the deviation equipment by either of claims 10-15. 

[Claim 17] It is a projection system for imprinting the pattern decided on the mask on 
a particle susceptibility substrate by the charged-particle line. The first particle optical 



image formation equipment which carries out image formation of a charged-particle 
generation source, the corpuscular ray shaping aperture which fabricates the cross 
section of a corpuscular ray, and the corpuscular ray shaping aperture on a mask, It is 
the projection system characterized by equipping the first or/and second particle 
optical image formation equipment with the magnetic-lens equipment by either of 
claims 1-9 in a projection system equipped with the second particle optical image 
formation equipment which carries out image formation of the mask on a substrate. 
[Claim 18] It is a projection system for imprinting the pattern decided on the mask on 
a particle susceptibility substrate by the charged-particle line. The first particle optical 
image formation equipment which carries out image formation of a charged-particle 
generation source, the corpuscular ray shaping aperture which fabricates the cross 
section of a corpuscular ray, and the corpuscular ray shaping aperture on a mask, It is 
the projection system characterized by equipping the first or/and second particle 
optical image formation equipment with the deviation equipment by either of claims 
10*15 in a projection system equipped with the second particle optical image formation 
equipment which carries out image formation of the mask on a substrate. 
[Claim 19] It is the projection system characterized by installing corpuscular ray 
shaping aperture in the first [ of a magnetic-lens doublet ] flat surface, and installing a 
mask in the second [ of a magnetic-lens doublet ] fiat surface in the projection system 
by claim 18. 

[Claim 20] It is the projection system characterized by installing a mask in the first [ of 
a magnetic-lens doublet ] flat surface, and installing a substrate in the second [ of a 
magnetic-lens doublet ] flat surface in the projection system by claim 18. 
[Claim 21] It is the electron microscope system characterized by to be equipped a 
focusing assembly with the magnetic-lens equipment by either of claims 1-9 in the 
electron microscope system which consists of a detector which detects the focusing 
assembly which converges an electron on a sample from the sample holder and the 
electronic generation source which is an electron microscope system and receives the 
sample used as a test objective, and an electronic generation source, and the electron 
generated from a sample by the interaction of the electron which converged on the 
sample. 

[Claim 22] It is the electron microscope system characterized by to be equipped a 
focusing assembly with the deviation equipment by either of claims 10-15 in the 
electron microscope system which consists of a detector which detects the focusing 
assembly which converges an electron on a sample from the sample holder and the 
electronic generation source which is an electron microscope system and receives the 
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sample used as a test objective, and an electronic generation source, and the electron 
generated from a sample by the interaction of the electron which converged on the 
sample. 

[Claim 23] It is the electron microscope system characterized by to be equipped a lens 
assembly with the magnetic-lens equipment by either of claims 1-9 in the electron 
microscope system which consists of a lens assembly which carries out the image 
formation of the electron generated from a sample on a location sensing detector by the 
interaction of the electron which converged on the electronic generation source for 
illuminate a sample by the sample holder and the electron which is an electron 
microscope system and receives the sample used as a test objective , a location sensing 
detector , and a sample . 

[Claim 24] It is the electron microscope system characterized by to be equipped a lens 
assembly with the deviation equipment by either of claims 10- 15 in the electron 
microscope system which consists of a lens assembly which carries out the image 
formation of the electron generated from a sample on a location sensing detector by the 
interaction of the electron which converged on the electronic generation source for 
illuminate a sample by the sample holder and the electron which is an electron 
microscope system and receive the sample used as a test objective , a location sensing 
detector , and a sample . 
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[0001] 

[Field of the Invention] This invention relates a chargedparticle line to the system 
containing still such a particle optical component about image formation or the 
particle optical component to deflect. 

[0002] This invention can move the optical axis about the geometric symmetry axis of 
equipment especially about magnetic-lens equipment. Furthermore, especially this 
invention relates to the projection system which imprints the pattern specified on the 
mask on a particle reception substrate by the charged-particle line, especially an 
electronic beanrof- light projection lithography system. 

[0003] Furthermore, especially this invention relates also to an electron microscope 

system again. 

[0004] 

[Description of the Prior Art] Magnetic-lens equipment is known from the advanced 
technology which operates by the charged particle with specific energy like the lens 
which has a focal distance f. That is, in the case of such a magnetic lens, it is possible 
to double the focus of an parallel corpuscular ray with the image side in which only 
distance f was separated from the lens and installed. The image quality of the flux of 
light (bundle of a corpuscular ray) which passes along the symmetry axis of a magnetic 
lens and passes through a center is comparatively good. However, when the flux of 
light which carries out image formation separates from the center of a magnetic lens 
and passes, the image formation in an image side produces too large aberration for a 
specific realistic application. 

[0005] Optik A report [ / else / Goto / after 48 (1977) 255 page / E.] and 'MOL (Moving 
Objective Lens (migration objective lens)) 1 have proposed moving the optical axis of a 
lens by the correction field, so that it may be in agreement with the particle beam of 
light which swerved from the core from the symmetry axis of a lens. 
[0006] U.S. Pat. No. 4,376,249 realizes concretely the lens which E.Goto proposes, and 
is called the "deviation shaft lens" in it. The magnetic lens indicated by this patent is 
mutually detached and installed in shaft orientations about the geometric symmetry 
axis of a lens, and it has two pole piece termination which sees to shaft orientations 
toward a symmetry axis, and counters inside. It sees to the shaft orientations of such 
pole piece termination, and the magnetic device for generating the field which moves 
an optical axis inside, respectively so that it may separate from a symmetry axis is 
installed. The die length and the diameter of the accompanying coil are determined 
that it will generate the field with the magnetism proportional to the first derivative of 
the axial component of the field of the lens in alignment with an object shaft in 
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alignment with a symmetry axis. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the specific application, it 
turned out that a required precision is not acquired with the conventional equipment 
known from U.S. Pat. No. 4,376,249. 

[0008] The Europe patent 0969326ANo. 2 is indicating the lithography equipment 
which imprints the pattern installed on the mask on a radiation reception substrate by 
the electronic projection system. For this reason, a mask is scanned by band-like with 
the electron ray which has the line cross section specified clearly, and the part which 
passes a mask, without being similarly spread among electron rays is projected on 
band-like on a substrate. In order to secure sufficient exposure quality, a line cross 
section must be decided so that sufficient precision may be acquired in a mask flat 
surface, thus — if it does not set - a substrate - partial - exposure exposing becomes 
too little or superfluous. 

[0009] Conventional equipment was understood are improved at this point. 
[0010] The purpose of this invention is proposing the magnetic-lens equipment which 
can operate the line of the charged particle moved about the symmetry axis of 
equipment in a higher precision. 

[0011] Especially the purpose of this invention is proposing the magnetic-lens 
equipment which can move an optical axis from the symmetry axis. 

[0012] Furthermore, the purpose of this invention moves a charged -particle line in the 
direction of a line horizontally, or/and is proposing the deviation equipment for 
operating the charged-particle line moved horizontally. 

[0013] Another purpose of this invention is proposing the projection system which 
carries out image formation of the pattern defined on the mask to a radiation reception 
substrate by the charged-particle line. 

[0014] Furthermore, another purpose of this invention is proposing the electron 

microscope system for inspecting a sample in electron microscope. 

[0015] 

[Means for Solving the Problem] According to the first point, this invention is deviation 
equipment for the charged-particle line installed so that a line cross section might be 
imprinted by the image plane from the object flat surface of equipment, and the line 
cross section in an object flat surface and an image plane is related with the equipment 
which can move in the direction of a beam of light horizontally about mutual in the 
projection to the direction of a beam of light. 

[0016] Deviation equipment is equipped with the magnetic-lens doublet which has two 
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magnetic lenses for this purpose. Two magnetic lenses are arranged so that image 
formation of the first lens and the body installed in the front focal plane of an alias 
name "a collimator lens" may be carried out to infinity about mutual. The second 
magnetic lens and an alias name projection lens are arranged so that the front focal 
plane may be in agreement with the back focal plane of the first magnetic lens. In this 
way, in order that the second magnetic lens may apply the focus of the beam of light 
which had collimation together put by the first magnetic lens to that back focal plane, 
this back focal plane turns into an image plane of a doublet. The scale factor of a 
magnetic-lens doublet is decided by each focal distance of the first magnetic lens and 
the second magnetic lens, and relation between fl and £2. Furthermore, the distance of 
a body and an image plane is two focal distances and twice the sum of fl and f2. 
[0017] A focal distance twice the distance of the first magnetic lens can vacate spacing 
from an object flat surface, and two magnetic lenses are "symmetry" about the plane of 
symmetry for which the focal distance twice the distance of the second magnetic lens 
was able to vacate spacing from the image plane. About not strict mechanical 
semantics but the beanrof-light path which passes a lens, two magnetic lenses are 
symmetrical to plane of symmetry, when a scale factor is taken into consideration. For 
example, the size of a lens is decided according to the focal distance, the current or/and 
field which pass the coil are equal in magnitude, especially these currents generate the 
field of an opposite direction, and it is called an "unsymmetrical doublet." 
[0018] According to this invention, corpuscular ray migration equipment is arranged 
between the first magnetic lens and the second magnetic lens, and a field to which the 
charged-particle line included in corpuscular ray migration equipment comes out of 
corpuscular ray migration equipment in the condition of having been moved to the 
original direction of a line and parallel is generated. 

[0019] This corpuscular ray migration equipment is installed in an object to the plane 
of symmetry of a doublet in as mathematical semantics as possible, and it is made for 
the component of corpuscular ray migration equipment to be applicable geometrically 
similarly at this plane of symmetry. If corpuscular ray migration equipment is 
preferably installed in the field of the plane of symmetry of a doublet, equivalent 
divagation will happen to all the partial charged-particle lines that pass a doublet 
substantially. It is because a crossing is in the plane of symmetry of a doublet. 
[0020] With the corpuscular ray migration equipment installed in the field of a plane of 
symmetry, a magnetic-lens doublet can operate the charged-particle line moved from 
the symmetry axis (geometric) of a magnetic lens. For example, the charged-particle 
line which the charged-particle line which is moved from a symmetry axis and goes 



into corpuscular ray migration equipment can return to this plane of symmetry, and 
goes into corpuscular ray migration equipment on a symmetry axis [ whether image 
formation can be further carried out with the second lens of a doublet by coming out of 
corpuscular ray migration equipment in the condition of having been moved from the 
axis of symmetry, and ] or the charged-particle line which is moved and goes into 
corpuscular ray migration equipment - again " the same - or where different 
migration is able to be added, it can come out of corpuscular ray migration equipment. 
[0021] For example, where a charged-particle line is moved from a symmetry axis, it 
comes out of deviation equipment, and when making it want to carry out image 
formation with the second magnetic lens, without generating aberration as much as 
possible, this second focal lens presents the property called a "migration objective lens" 
or a "adjustable shaft lens" in the advanced technology. Especially the second magnetic 
lens is equipped with the axial migration equipment which offers the correction field 
which can be put on the focusing field generated by the magnetic lens of a doublet. It 
acts on the charged-particle line which the piled-up field is moved from a symmetry 
axis and goes into a magnetic lens, and the parallel displacement of the optical axis of 
a focusing magnetic lens is similarly carried out to the symmetry axis. 
[0022] When it desires to operate it so that the charged-particle line by which the 
doublet went into deviation equipment may be moved from an axis of symmetry, it is 
good for the first lens of a doublet to also have above axial migration equipment. 
[0023] Preferably, deviation equipment constitutes the part which transmits the 
pattern defined on the mask to a radiation reception substrate by the charged particle 
in a projection system. Such a projection system is equipped with the second particle 
optical image formation equipment which forms the image of a mask on the first 
particle optical image formation equipment which forms the image of image formation 
aperture on the source of a charged particle emission, the corpuscular ray shaping 
aperture which fabricates the cross section of a corpuscular ray, and a mask, and a 
substrate. Preferably, the first particle optical image formation means is equipped with 
the mask installed on the image plane of the corpuscular ray shaping aperture 
installed on the deviation equipment by this invention, and an object flat surface, and 
a magnetic-lens doublet. Thereby, offer of the corpuscular ray cross section where the 
sharpness of an edge has been improved and which is defined by corpuscular ray 
shaping aperture is attained. That is, the shift to the particle brightness of zero is 
substantially [ outside / the high particle brightness in a corpuscular ray cross section 
to / a corpuscular ray cross section ] steep. 

[0024] Furthermore, as for deviation equipment, it is also desirable to use it in an 
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electron microscope system especially a scanning electron microscope (SEM), and a 
transmission electron microscope (TEM). In a scanning electron microscope, the 
electron which comes out from here by the interaction of the electron which the 
electron emitted from an electronic generation source converged on the sample on a 
sample holder with the focusing assembly, and converged on the sample is detected by 
the detector. Next, deviation equipment constitutes a part of focusing assembly, and 
becomes able [ an electron ray ] to converge correctly on a sample, and a large area 
scanned by the electron ray, i.e., observable big image field, is obtained. 
[0025] A transmission electron microscope is equipped with the location sensing 
detector by which image formation of the transparency electron which comes out of the 
source of electron emission and sample for illuminating the sample installed on the 
sample holder in the large range is carried out on it with lens equipment. In this case, 
deviation equipment constitutes some lens equipments and the electron which comes 
out of the sample of the arbitration subregion of a large area becomes possible 
[ carrying out image formation in high image quality on a location sensing detector ]. 
[0026] According to the second field, this invention relates to the magnetic-lens 
equipment called a "migration objective lens" or a "adjustable shaft lens" in the 
advanced technology. It has axial migration equipment which generates the correction 
field to which such magnetic-lens equipment is equipped with the focusing lens 
equipment which offers a field symmetrical with rotation substantially about the 
symmetry axis of equipment especially, and said field can act as a focusing lens which 
has an optical axis in the beam of light which passes said field, said magnetic-lens 
equipment can pile it up still more preferably on the field which focusing lens 
equipment generates, it acts on a beam of light, and an optical axis moves in parallel 
with the symmetry axis of equipment. Consequently, the same focusing operation as 
the particle beam of light which enters in the center of a lens is performed also to the 
particle beam of light which is moved from the symmetry axis (geometric) of a lens and 
goes into a lens, and the aberration produced by separating from a center and going 
into lens equipment is controlled sharply. 

[0027] According to this invention, a correction field is offered with an axial moving coil 
equipped with two or more current flow coils installed in the field of focusing lens 
equipment. It is important for the correction field which changes with time amount at 
this point according to change of the axial migration in the field of time amount not to 
block the focusing field of focusing lens equipment. This does not have conductivity 
substantially and realizes the first ring group which consisted of high ingredients of 
magnetic permeability and which had spacing vacated by shaft orientations by 
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installing in the field of a focusing arrangement a symmetry axis and concentric 
circular. If it can do, as for penetrable numerical mur of this ingredient, it is desirable 
that it is larger than further 1000 [ than 10 / larger / larger ] than especially 100. If it 
can do, let the electric resistance of an ingredient be the desirable most desirable 
larger, larger, larger numeric value [ than 106 ohm/m / than 103 ohm/m ] than 1010 
ohm/m. 

[0028] If it can do, the first ring group has a substantially the same diameter, and, as 
for each spacing, it is desirable that it is this distance. 

[0029] The ring group by the penetrable high ingredient has permeability to a field 
symmetrical with a radial and shaft orientations so that the focusing field of focusing 
lens equipment may be quality in the location through which the corpuscular ray in a 
ring passes and it may be provided. The electric conduction coil of an axial moving coil 
is coiled around a ring or two or more rings of a ring group, respectively, the correction 
field of sufficient magnitude is acquired with magnetic, too high permeability also here, 
and the current which flows to a magnetic moving coil is limited. 

[0030] If possible, as for the electric conduction coil of a magnetic moving coil, it is 
desirable to wind around two, three, or the ring beyond it. 

[0031] A correction field is a dipole field of the direction which intersects 
perpendicularly with a symmetry axis, and it is desirable that it is that to which the 
magnetic-field-strength distribution in alignment with the symmetry axis of the 
component which intersects perpendicularly with a symmetry axis is proportional to 
the first derivative of the field component which is parallel to the symmetry axis of 
focusing lens equipment mostly. Such magnetic-field-strength distribution of a 
correction field is realized by setting up the dimension of a ring and an axial moving 
coil proper. 

[0032] If possible, as for focusing lens equipment, it is desirable to have the pole piece 
termination which vacated spacing for two shaft orientations which go to a radial, and 
was installed in the symmetry axis. At least one axial moving coil arranged in it at a 
radial is made to accompany each pole piece termination. Moreover, a monopodium 
moving coil is made to accompany each pole piece termination. 

[0033] As for the second ring group which consists of ingredients which there is no 
conductivity substantially and have magnetic high permeability, it is desirable to see 
to the shaft orientations of the ring of the first ring group, and to install outside. 
Similarly, about a symmetry axis, the ring of the second ring group also vacates 
spacing for shaft orientations, and is mutually installed in concentric circular. The 
correction field which an axial moving coil generates is seen to shaft orientations, and 
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the ring of the second ring group intercepts it from an outside, and plays the role to 
which it is made for a correction field not to affect focusing lens equipment 
substantially. Especially, it is prevented by it that the field which an axial moving coil 
generates attracts the Eddie current in focusing lens equipment. The ring of the 
second ring group consists of same or, same ingredients as the ring of the first ring 
army. 

[0034] If possible, magnetic-lens equipment is equipped with the aberration prevention 
coil for correcting aberration, and the electric conduction coil of an aberration 
prevention coil is similarly coiled on the ring of the first ring group preferably. An 
aberration prevention coil generates a quadrupole field and the effect which it has on 
focusing lens equipment is mitigated with the ring of the second ring group which saw 
to the shaft orientations of an aberration prevention coil, and was installed outside 
similarly. 

[0035] Furthermore, magnetic-lens equipment is equipped with the dynamic focusing 
coil which has the coil coiled around the symmetry axis. These coils are preferably seen 
to the shaft orientations of the electric conduction coil of an aberration prevention coil, 
are installed inside, or/and are seen to the shaft orientations of the ring of the first 
ring group, and are installed inside. 

[0036] Magnetic-lens equipment uses preferably the pattern set up on the mask for the 
projection system imprinted with a charged-particle beam of light to a particle sensing 
substrate or an electron microscope system. 
[Embodiment of the Invention] 

[0037] Drawing 1 shows the deviation equipment 1 by this invention. This is equipped 
with the magnetic-lens doublet 3 which consists of two magnetic lenses 5 and 7 which 
have the focal distance f of 180mm, respectively about an electron with the energy of 
lOOkeV. The magnetic-lens doublet 3 plays the role which carries out image formation 
of the corpuscular ray shaping aperture 11 installed in the object flat surface 9 of a 
doublet 3 on the mask 3 arranged in the image plane 13 of a doublet 3. The 
corpuscular ray shaping aperture 11 appoints the lighting field 16 where the profile 
clarified on a mask 15. Magnetic lenses 5 and 7 are equipped with a coil 18 and a pole 
piece 17, respectively, and each generates the focusing field of a focal distance f. The 
bore of a pole is 80mm and a pole piece gap is 40mm. 

[0038] Magnetic lenses 5 and 7 detach only the distance of 2f mutually, and are 
symmetrically installed on the outskirts of symmetry-axis 19 of a doublet 3. The core of 
the corpuscular ray shaping aperture 11 is similarly installed on a symmetry axis 19. 
[0039] In drawing 5 , a free unit shows magnetic-field-strength distribution of the 
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shaft-orientations component Bz which faces to the symmetry axis 19 of the field 
generated by lenses 5 and 7. A crossing 23 is formed in the object side 21 of a doublet 3, 
and, as for magnetic-field-strength distribution, an electron ray passes a doublet 
(anti-symmetry doublet). 

[0040] In the field of plane of symmetry 21, deviation equipment 25 only for M to move 
further the electron ray which passes through the center of a lens 5 to a longitudinal 
direction from a symmetry axis 19 is installed, the corpuscular ray (electron ray) 27 
with which only M was moved by deviation equipment 25 from the axis of symmetry 19 
-- therefore, after separating from the core, entering and only M's having moved to the 
lens 7 of a doublet 3 similarly with the condition that only M was moved from the axis 
of symmetry, it collides on a mask 15. However, a corpuscular ray 27 converges on an 
image plane 13 with a lens 7. For this reason, a required field is offered so that it may 
put on the focusing field of the lens 7 which the correction field which axial migration 
equipment 29 generates generates with a coil 18 and a pole piece 17. Axial migration 
equipment 29 is equipped with two deflecting coils 31 and 33, looks at these to the 
shaft orientations of the termination 35 of the pole piece 17 of a lens 7, respectively, 
and is installed inside, and to a symmetry axis 19, this termination is seen to shaft 
orientations and installed inside. 

[0041] Deflecting coils 31 and 33 are in sense which crosses a symmetry axis 19, and 
generate a field with the magnitude proportional to the first derivative of the 
shaft-orientations component of the field generated by the lens 7 shown in drawing 5 . 
Such magnetic-field-strength distribution of a correction field is realized by choosing 
the geometrical configuration of deflecting coils 31 and 33 proper. 

[0042] A correction field is proportional to the amount M of the axial migration caused 
by corpuscular ray migration equipment further, and turns to the direction. 
[0043] Furthermore, each of lenses 5 and 7 is equipped with the aberration prevention 
coil 37 for correcting the astigmatism of lenses 5 and 7, respectively, and the dynamic 
focusing coil 39 for correcting poor focusing of the deflection of the image field of lenses 
5 and 7, respectively. 

[0044] Corpuscular ray migration equipment 25 is equipped with another dynamic 
focusing coil 45 installed in two symmetrical deflecting coils 41 and 43 and plane of 
symmetry 21 about plane of symmetry 21. 

[0045] The example of a configuration of the coil of deflecting coils 31, 33, 41, and 43 is 
shown in drawing 3 as schematic drawing. As for d rawing 3 a, the configuration as a 
saddle coil and drawing 3 c show a configuration as a compound saddle coil, 
respectively, as for the configuration of the coil as a toroidal coil, and d r a w i ng 3 b. 
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[0046] The stack 49 of the nine ferrite rings 51 with the same diameter sees to the 
shaft orientations of the termination 35 of the pole piece 17 of a lens 7, and is installed 
inside at equal intervals so that clearly from drawing ?, . Inside the stack 49 of nine 
ferrite rings 51, another stack 53 of the nine ferrite rings 55 with the too same 
diameter is installed similarly. The inside radius Ri of the ferrite ring 55 of the inside 
set 53 is 28mm, and an outside radius Ra is 32mm. 

[0047] Each of deflecting coils 31 and 33 is seen to the shaft orientations of the inside 
stack 53, and it is wound around three ferrite rings 55 from an outside, and the 
aberration prevention coil 37 is seen to shaft orientations, and is wound around the 
ferrite ring 55 of the center of a stack 53. The dynamic focusing coil 39 is seen to the 
shaft orientations of the inside stack 53 of the ferrite ring 55, and is installed inside. 
Only the distance of 23mm has separated the core of the shaft orientations of coils 31 
and 33 from the symmetry axis 56 of a lens 7 to shaft orientations, respectively, and 
each shaft orientations die length of coils 31 and 33 is 24mm similarly. 
[0048] Arrangement of the coil of the deflecting coils 31 and 33 to the circumferencial 
direction of the ferrite ring 55 is shown in d rawing 4 . 

[0049] A coil for drawing 4 a to generate the dipole field By to the direction of y and 

drawing 4 b show the coil for generating the dipole field Bx of a direction 

perpendicular to this. Drawing 4 c shows what compounded the coil shown in drawing 
4 a and 4b on the ferrite ring 55. 

[0050] Since two lenses 5 and 7 are constituted as much as possible in the symmetry, 
two stacks of nine ferrite rings which are not illustrated although the lens 7 was 
explained previously are also seen to the shaft orientations of the pole piece 
termination 35 of a lens 5, and are arranged inside. However, deflecting coils 31 and 33 
are not wound around the way which sees to shaft orientations between two stacks, 
and is inside. Only the aberration prevention coil 37 of a lens 5 is seen to the shaft 
orientations of a lens 5, is seen to the shaft orientations of an inside stack, and is 
wound around a central ferrite ring. 

[0051] Arrangement of the coils 41 and 43 of corpuscular ray migration equipment 25 
is shown in drawing 8 in detail. Corpuscular ray migration equipment 25 is the same 
diameter, is arranged at equal intervals and has the set 59 of 17 symmetrical ferrite 
rings 61 to plane of symmetry 21. It sees to shaft orientations and the ferrite ring 63 
with the large direct system of the second set 65 of a ferrite ring is arranged on the 
outside of each ferrite ring 61. Deflecting coils 41 and 43 are seen to shaft orientations, 
are wound around the ferrite ring 61 of the inside set 59, and show the example of a 
configuration of this coil to 3c from drawing 3 a. The arrangement to the 
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circumferencial direction of the coil coiled around the ferrite ring 61 is equivalent to 
the configuration of drawing 4 too. The coil of deflecting coils 41 and 43 is seen from an 
outside to shaft orientations, and is coiled around the 2nd to the 6th ferrite ring. 
[0052] Another correction coil 45 is seen to the shaft orientations of the stack 59 of the 
ferrite ring 61, and is installed inside. 

[0053] Drawing 6 is a functional diagram for driving each coil of the deviation 
equipment 1 shown in drawing 1 . The coil 18 of the lenses 5 and 7 of a doublet 3 is 
driven with a fixed current, and lenses 5 and 7 offer the focal distance f of 180mm 
about an electron, respectively. In order to realize deviation distance M of the electron 
ray from a symmetry axis 19, the deflecting coils 41 and 43 of corpuscular ray 
migration equipment 25 are driven according to the current which has the 
proportionality component 61 proportional to the deviation distance M. A 
proportionality constant is set to Cdl and Cd2 in this case. 

[0054] In order to cause migration of the optical axis of the lens 7 corresponding to the 
migration M of a corpuscular ray 27, the coils 31 and 33 of a lens 7 are also driven with 
the current which has the proportionality component 61 similarly, and set a 
corresponding proportionality constant to Cd3 and Cd4. In order to prevent a 
distortion error, the current impressed to deflecting coils 41, 43, 31, and 33 also has the 
cube component 63 further. 

[0055] The current impressed to the correction coils 39 and 45 and the aberration 
prevention coil 37 presents the secondary dependency 65 from the amount M of 
deviations, and each proportionality constant is set to Cfl, Csl, Cf2, Cs2, and Cs3. 
[0056] The relation of proportionality constants Cdl, Cd2, Cd3, and Cd4 is if possible 
good to fill the relation of I Cdl/Cd2 | = | cd3/Cd4 1 =1, when it observes by the ideal 
approach while manufacturing the geometrical configuration of equipment. 
[0057] Drawing 7 shows the outline of the lighting system 69 for the corpuscular ray 
shaping aperture 11 in which image formation is carried out by the doublet 3 of 
focusing lenses 5 and 7 on a mask 15 as a lighting field 16. The image formation 
system 69 is equipped with the focusing magnetic lens 73 which turns to the 
beanrof- light shaping aperture 11 the electron discharged from the electronic gun 71 
and the electronic gun 7 1 as shown in drawing. 

[0058] In arrangement of the lens doublet 3 by drawing, corpuscular ray migration 
equipment 25, and axial migration equipment 29, image formation of the corpuscular 
ray shaping aperture 11 is carried out on the lighting field 16 on a mask 15, without 
hardly producing distortion. This lighting field 16 is movable from a symmetry axis 19. 
The edge steepness (reinforcement increases to 80% from 20%) of 0.2 micrometers is 
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realizable at the edge of the lighting field 16. Especially the corpuscular rays 26 and 27 
both pass perpendicularly the field shaping aperture 11 and a mask 15 (telecentricity). 
[0059] The ring sets 49, 53, 59, and 65 can be manufactured as follows, for example. 
[0060] First, an appearance is the same as a bore and shaft-orientations height also 
manufactures only the number of requests of an equal ferrite ring. Next, it is same 
number **** about the ceramic ring of the same shaft- orientations height at the same 
diameter as a ferrite ring. A ferrite ring and a ceramic ring are accumulated by turns. 
One desirable as an ingredient of a ceramic ring has high specific resistance, and its 
magnetic permeability is close to 1. For example, Corning can use the glass ceramic 
material sold by the trade name of Macor. 

[0061] Below, the variation of the deviation equipment shown in 8 from draw i ng 1 is 
explained. In **** and a function, the component corresponding to mutual has the 
same reference number as what is used in 8 from drawing 1 . However, in order to 
distinguish this, an alphabetic character is added to a reference number. The 
above-mentioned whole explanatory note is referred to for explanation. 
[0062] Drawing 9 shows magnetic-lens doublet 3b of the focusing magnetic lenses 5b 
and 7b. Doublet 3b carries out image formation of the mask 15b installed in object 
flat-surface 9of doublet 3b b on the semi-conductor wafer 75 installed in image plane 
13b of a doublet. Although an electron ray is turned to mask 15b in order to realize 
such image formation therefore, arrangement of draw i ng 1 can be used, for example 
and this illuminates the field where the profile was clearly defined by corpuscular ray 
shaping aperture on mask 15b. An electron ray is deflected to a symmetry axis 19, and 
moves a lighting field to band-like equally on mask 15b. Drawing 9 shows the optical 
wire diameter way in Chuo Line of a lighting field about three different deviation 
locations M. 

[0063] Doublet 3b reduces and offers the image of mask 15b by 1*4 on a wafer 75. For 
this reason, let two lenses 5b and 7b be "symmetry" about planeof-symmetry 21of 
doublet 3b b. Since not geometric semantics with this strict symmetry but magnitude 
is reduced by 1*4, the relation of the magnitude of two lenses 5b and 7b and the 
distance from plane-of-symmetry 21b are also set to 1*4. 

[0064] Furthermore, two deviation equipments 74 are installed among Lenses 5b and 
7b, and it supports guiding a corpuscular ray to the path of the optical line shown in 
drawing 9 . 

[0065] The aperture stopper 76 is installed in plane-of-symmetry 21b, and it is formed 
here so that only the electron which the crossing of doublet 3b does not diffuse with a 
mask substantially may collide with a wafer 75 from mask 15b. Therefore, the pattern 
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offered as diffusion structure on mask 15b is transmitted to a wafer 75. 
[0066] In order that the electron ray with which only M was moved from 
symmetry-axis 19b may go into lens 5b, this lens is in agreement with the optical axis 
of lens 5b, in case it has axial migration equipment 29b with the two shafts moving 
coils 31b and 33b, the optical axis of lens 5b is moved from plane -of- symmetry 19b and 
Chuo Line of a lighting field passes lens 5b. Consequently, the focusing effectiveness of 
lens 5b to the partial corpuscular ray of a lighting field is held, and the aberration 
generated when a corpuscular ray moves from symmetry-axis 19b is controlled. 
[0067] Since the image formation of doublet 3b is reduced, the corpuscular ray with 
which only M was deflected from symmetry-axis 19b in mask side 15b collides with a 
wafer 75 by the deflection coefficient M:4. Therefore, a corpuscular ray does not pass 
through the center of lens 7b of doublet 7b, but it is equipped with axial migration 
equipment 29b in which lens 7b also has the two shafts moving coils 31b and 33b, and 
moves the optical axis of lens 7b from symmetry-axis 19b, and its it corresponds with 
Chuo Line of the deviation bundle of a corpuscular ray. 

[0068] Drawing 10 shows the electron microscope system 81 which functions as an 
electron microscope for a scan. This is equipped with the sample holder 83 which 
receives the sample 85 which has the sample front face 87, and the sample holder 83 
receives a sample so that the part which wants to investigate the sample front face 87 
may be located in the center about main shaft 19c of a microscope 81. The electronic 
generation source 89 emits the branching electron ray 90, the branching electron ray 
90 is defined by aperture 91, it converges with a lens 93, and the contraction image of 
the electronic generation source 89 is formed in the flat surface of the diffusion 
electronic aperture 95. The contraction image of an electronic generation source is 
formed on the sample front face 87 of magnetic-lens doublet 3c, and the smallest 
possible spot on the front face 87 of a sample is illuminated in the field of the point 97. 
The electron which is emitted from the electronic generation source 89, for example, 
collides with the sample front face 87 with the energy of 20keV(s) is attracted by the 
subfield by the electronic detector 99, and generates the secondary electron detected by 
the electronic detector 99. 

[0069] The structure of magnetic-lens doublet 3c is substantially [ as the magnetic-lens 
doublet of drawing 1 ] the same, and deviation equipment 25c is similarly installed so 
that only the good variate M may deflect the point 97 on the sample front face 87 
illuminated with an electron from symmetry-axis 19c. It is that the numeric value of 
the amount M by which the spot 97 illuminated is too deflected from main shaft 19c is 
comparatively large, lens 7c equips drawing 10 with the axial migration equipment 
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which is not drawn similarly, the contraction image of a generation source 89 is exact 
in a flat surface 95, after the focus has suited the precision, it is obtained, therefore the 
electron microscope 89 of high resolution is obtained. 

[0070] Lens doublet 3c can be made into a symmetry doublet with the equal focal 
distance of Lenses 5c and 7c. This is advantageous, as long as the specific aberration of 
lens 5c or/and 7c is compensated and the image of an electronic generation source 
whose focus suited especially to the precision is formed on an unrelated sample front 
face substantially [ the amount M of deviations ]. Especially, the image of small 
comatic aberration can be formed here by use of symmetry magnetic-lens doublet 3c for 
focusing. However, a doublet can also be made into the unsymmetrical configuration 
from which the focal distance of Lenses 5c and 7c differs. Here, a part of specific 
aberration of a lens is compensated. Especially lens 7c makes a focal distance shorter 
than lens 5c, and the image of the electronic generation source 89 formed in the flat 
surface of aperture 95 is further reduced on the sample front face 87. 
[0071] Drawing 11 shows the variation of the electron microscope shown by drawing 
10 . To the microscope of drawing 10 , the electron microscope of draw i ng 1 1 is 
equipped with 7d of one focusing lens, is emitted from 89d of electronic generation 
sources, and converges 90d of emission electron rays fabricated by aperture 9 Id on 87d 
of sample front faces. 7d of focusing lenses is installed in the center about 19d of 
symmetry axes like the time of 90d of electron rays being emitted first from 89d of 
electronic generation sources. Deviation unit 25d, it is installed between aperture 9 Id 
and 7d of focusing lenses, and only an amount M moves 90d of electron rays to a 
symmetry axis and parallel. For this reason, it has deflecting coils 4 Id and 43d and 
45d of dynamic focusing coils deviation unit 25d. 

[0072] The electron ray with which only M was moved in parallel from 19d of 
symmetry axes goes into 7d of focusing lenses equipped with 29d of axial migration 
equipment, and only an amount M deflects the core of the deviation field offered by 
lens 7d from 19d of symmetry axes corresponding to the moved electron ray. 
Consequently, only an amount M is deflected from a symmetry axis similarly [ lens 7d 
of the effect which it has on an electron ray is the same as that of the focusing lens 
which crosses a center, and / 97d of points of an electron ray converging on 87d of 
sample front faces, and colliding ]. Distance g of 89d of electronic generation sources 
from 7d of focusing lenses is made larger than the distance b on 87d of front faces of a 
sample from 7d of focusing lenses, it is reduced around 97d of points on 87d of sample 
front faces, and 89d of electronic generation sources is made to **** it. 
[0073] Drawing 12 shows electron microscope system 81e which functions as a 
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transmission electron microscope. For this reason, image formation of the 
transparency electron which sample 85e is illuminated from one side within extended 
field 16e with an electron, and passes sample 85e within field 16e is carried out on 
location sensing detector 99e by the image formation optical system 101. In this 
example, sample 85e is a mask for lithography for carrying out image formation of the 
structure 102 on a wafer in a lithography process. The quality of structure 102 is 
inspected by electron microscope 81e. The image formation optical system 101 is 
installed so that image formation of the whole lighting field 16e may be carried out on 
detector 99e. Furthermore, the image formation optical system 101 is installed so that 
only the amount M which can adjust field 16e by which image formation is carried out 
to detector 99e from symmetry-axis 19of microscope 81e e can move. Therefore, the 
comparatively big part of sample 85e can be inspected, without moving sample 85e 
mechanically about microscope 81e, if image formation of the part from which sample 
85e differs when the amount M of deviations is changed is carried out on detector 99e 
continuously later on in time amount and it doubles all. 

[0074] Furthermore, it installs so that only field 16e by which an electron does not 
illuminate the whole sample surface 85e at once, but image formation is carried out on 
detector 99e at a certain time in the lighting system 103 for illuminating field 16e on 
detector 99e may be illuminated. 90d of electron rays emitted by electronic generation 
source 89e passes the illumination-light study system 103 continuously, and it has 
focusing lens doublet 3e which has the focusing lenses 5e and 7e fabricated by 
aperture 91e. Deviation unit 25e equipped with the deviation lenses 41e and 43e is 
installed between two lenses 5e and 7e, and only an amount M moves [ e ] 90d of 
electron rays from symmetry-axis 19e. 90d of electron rays moved from symmetry-axis 
19e goes into second focusing lens 7e next, and only an alignment eclipse and field 16e 
to which only M was moved from the symmetry axis are similarly illuminated by this 
on sample surface 85e. For this reason, focusing lens 7e is equipped with axial 
migration equipment 29e which has two deflecting coils 31e and 33e, and dynamic 
focusing coil 45e is installed similarly. 

[0075] The **** optical system 101 for carrying out image formation of the 
transparency electron which appears from field 16e on detector 99e is equipped with 
lens doublet 3e f and the porcelain lens 105 for expanding further. Lens doublet 3e' 
contains the component installed in the symmetry about a sample to the component of 
lens doublet 3e of the illumination- light study system 103. furthermore - a deviation - 
a unit -- 25 - e - 1 - a doublet three - e — ' — a lens " seven - e - ' five " e - 1 - 
between " installing - having - the " a component - the same a deviation " a unit " 
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25 - e a component receiving a sample - 85 " e " being related " the symmetry 
- installing - having . By such symmetry arrangement, the same reference number as 
the component with which the illumination light study system 103 corresponds is 
inquired of a component, which are lens doublet 3e' and deviation unit 25e* of the 
image formation optical system 101, and an apostrophe is attached and given to it. The 
image formation optical system 101 carries out image formation of the body size 107 on 
detector 99e as an image 110 through the middle image 109. 

[0076] The current in 31e\ 45e', 43d', and 41e' is adjusted, both lighting of field 16e 
and its image formation to detector 99e are performed in high quality, and the 
reference number 112 of d r a w i ng 1 2 points out Coils 41e, 43e, 31e, 33e, and 45e, 33e', 
and the control system to which field 16e is moved only for an amount M from 
symmetry-axis 19e\ 

[0077] It is also possible to illuminate equally the field of a bigger sample than the 
field by which made unnecessary migration by which the field illuminated was 
controlled instead of the transmission electron microscope equipment shown in 
drawing 12 , and image formation was carried out to the congratulatory address on the 
detector by the electron. Thereby, although the structure of equipment and control are 
simplified, the temperature load of a sample may become large. 



[Translation done.] 
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[Drawing l] They are the structure of the deviation equipment by this invention, and 
the schematic diagram of the path of a beam of light of passing this. 
[Drawing 2] It is the schematic diagram of the magnetic-lens equipment contained in 
the deviation equipment of drawing 1 . 

[Drawing 3] It is drawing of the coil of another class of axial migration equipment 
shown in d raw i ng 2 . 




[Drawing 4] It is drawing showing the arrangement which coiled the electric 
conduction coil of the axial moving coil shown in dr a w i ng 2 on the ferrite ring 
periphery. 

[Drawing 5] It is the graph which shows magnetic-field-strength distribution of the 
shaft-orientations component of the field generated with the focusing lens of the 
deviation equipment of d r a w in g 1 . 

[Drawing 6] It is a functional diagram for driving the various coils of the deviation 
equipment of drawing 1 . 

[Drawing 7] It is the schematic diagram including drawing of the lighting from 
beanrof- light shaping aperture of the deviation equipment shown in draw i ng 1 . 
[Drawing 8] It is the detail drawing of the beanrof- light migration equipment installed 
between the magnetic lenses of drawing 1 . 

[Drawing 9] It is the schematic diagram of the beam-of- light path which passes the 
configuration of another example of deviation equipment and this by this invention. 
[Drawing 10] It is the schematic diagram showing the structure of the electric 
microscope using another example of the deviation equipment by this invention. 
[Drawing 11] It is the schematic diagram showing the structure of the electron 
microscope using still more nearly another example of the deviation equipment by this 
invention. 

[Drawing 12] It is drawing showing another electron microscope using the example of 
the deviation equipment by this invention. 
[Description of Notations] 

3 5 A magnetic-lens tablet, 7 Focusing lens equipment, 9 The first flat surface, the 13 
second flat surface, 19 An object shaft, 25 Corpuscular ray migration equipment, 29 31 
Magnetic migration equipment, 33 An axial moving coil, 55 Ring. 
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ij .y h < 5 3 , 4 9 ) C0'J >"X ( 5 5 , 5 1 ) CO 



<tt,l*^lRH|f&±3-f;K3 7) Srdx&^fcfclf 

(37) t*tm&tcr>mizmm.2ti&z t zmit-?& 

[if*3S9 ] mmm i *»6 7<o wf fiMc «* zwsms 
yxmmzm \x. ^tS7?«*3^K39)*« 

3S-coi> >n -y h (53) co 'J "yy (55) CO. i$ldj 
ftlzMXftMlzmmZti&Zk&ftWit-t&mMl'yX 

^a. 

c §mm i o ] m-<^m ( 9 > ct«t4 arwm* 

cOfS-co»rB (11) $:^~coTB (13) (cfctt&ft 
^com-coBrffitce^Bfe^«$-ti:47t^co«|t]^S 

^-co^ffi k m-cDw-ffinmizm.mzti&m-coimi' 
vx ( 5 ) km-com^uyx ( 5 ) h^-co^ffi ( 1 
3 ) corat^s^tt&^-com^i^^x ( 7 ) 

HSU^XT'TV-y h < 3 ) T\ Sg-fc?g-cOft3fcl^ 
Xtt«SI*>*|fM* (19) ±C»{tS#l. XXWy h 

( 3 ) <r>wm (21) lim-tm-co^iyyx^m 

izmmzti. !g-co¥ffi ( 9 ) ittffcffi ( 2 1 ) fccoSE 

m,m-<r>wm.wx < 5 ) com^gEiii ( f ) co2f&-c 

0 . SJ-cWH (13) t^B (21) h<mmt 

m~c?>mmuyx < 7 > co^sem ( f ) co2^-c-s>^» 

«^l^yX^Xlx.y hi;, 

ffrnti-hmfmrnma. ( 2 5 ) x\ &=f-imwmw. 
(25) teAs&^sit^ci^^ajsfe^Piakco^ia 
ansrae^swi <m> zmzz^m^Hmwrnw (2 

nvyx (5,7) ^fte-r&atstata^n. st^ii 

fcftUfll/C* *m^>-Xco^fS*>'-ecoW^W (19) 

imsmi 1 1 mtm otzzzmfommzts^x. 
nffwmma. (25)11 n%mizmLx*m&uzm 

h (41, 4 3) ZmiL&ZtZimbT&MfoSim. 

[»*ai2] wmmi lizx&Mftmmiz&^x. 
mnommmgLZGL. mm < 1 9 ) jcpltU'DR 
mzm.w.zti&'j>-%< t hwtmv w ( 6 1 ) tzm 

W^flcJ: 0««?^{ir6]3W/U (4 1) Ciotl^l 

Wi (19) CWLTR^raRtciMSii, lfcfr(6]^ 
raPi^S(fC|gB$^7t 'J (61) cOSSHco-b y h 
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(59) tfmibn* m&v y n±mmmzmm.m*% 

;K 4 l ) ffMnMmtm^n u y^-fe 7f- ( 5 9 ) co 
4?%<ki>UtmV>?' (61) fc*jMrO**£i: 

[ff««14] W«3B13{cJ:4«iai«BKi3V^» 
^iO'Jy/t^h (5 9) ^3^, (4 

i ) jp«04v?i*t y ( 6 i ) co, HdSnfii(=je.TM- 

[SN&H15] ft^l4CJ;S«|6)^«^t3V^T. 
ttJ^-zl/Ftt, mm (19) 

[ff^i6] m^mi o*^i 5c7)v^-rii*Hc<t-& 

(5, 7) UU ii««l3&^7<0^-m*HcJ:SlS^ 

1 *^ 9«ow$*h.a»fc: j: £585^ yXmWZtimz. hz\b 
Ifc-HMWTVt—f^r £-?X ^±taBf«S-li-&SS-<?*fi 
[SW<JS19] M^lSfciS^^X-r-Mcfc^ 

-co^mmzmmzti, ^^\ms^wxy^v vv 



(W*3i2 0] msMisk.Zihmbi'XT-Mzti^ 
x. ■?x7\±m$i t u>>xy-?u>y hcom-nw-mmzm. 
wmwm^vxyyv^ Y<m-<mmn\z 

[ If 2 1 ] VFSfiMti'XT^-C* o T . 

mi^m^miiznttimisit&mzr-ty? 
y, 

^r-fe^-yy. 

m^r-b^yyji. it^JSi ofrh i 5w^-m*H=ct 

ttR***fc t£h\m*%.vh+ty?iv*)V9 \ 
m4±iz£mi$tifz^v)ttw.ftmtz£~?x . tsw^t 

i^v-xr-fey^yji. is^fl l 9 v vfjuw: i 

[ If ^« 2 4 ] «^ gfttt v-X fAtfc o T , 
Hi^tft j: %&mMZ%:l?2>yy7friivuy. 

*fr-cim*fflmt& tztbconrFmim. 
Mmi-izmmztvK^comKftmKzz^x . sm*^ 

u-yxr-feyyyji. tt^i 0*^1 sco^-rix^Hc 

f A. 

[000 1] 
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[0002] *&wizmm%isyxms.imL. 

zuz^ *muzmz. -?x?±.i,zM%.zti 
tis-<?-yzffm%L=miz£ -?xn : 7-m%mm±.izm& 
•t&im^xrj*. mzm?imi93i : ¥-ffcm\i'XTj> 
izm-tz. 

[ooo3] *%mi££fz. mzm^mmMis 

^r-Mzhm-fh. 
[0004] 

mtf tmuyxfrt>mLxwm.z 
-e&s. wm/yx<r>mm*m i o. *&*mm-hit 

[0005] Optik 48(1977*) 255^ 
-i^^CD. E. GotoffifciSfE*. 'MOL (M 
oving Objective Lens ( ^WlfiVHI 
]yyX) ) ' ti. ^lElK^cioTi-yXo^ltt^u 

[0006] ?K:BI#f1f354 , 376. 24 9^-{±. E . 

Goto tfmm- h v yx* M:i*mzm%i vtz t> cot-& 

0. ^co<PX- rmfaMXyyXi bfcZtiX^Z. 

x-m^ztizmsKisyxa. uyx<7)MW¥&mwmz 
mLxmxftizttmzp&Lximzti. numizftfr^ 
xw&>mz%xnmt,zn$\^z, 2^com^mmimx. 

zti^<7)W$&tQnmJjftlzMXftMizZtL?ti. 

&tzit>cowmmw.tfm.mztix^z>. im-th^^^co 
t ncou, ftmrnizm-oti u yx^m^m^co 
m-mmmzitm?z,wt>zft^>. nwm^-otzm^ 

[0007] 

fcv>T. %mm¥fm4, 376, 249^4.a<c»ni. 

[0008] gfcWItflFSflO 9 6 9 3 2 6 A 2-^(i. ~?X 
fMzWiWZKtz^f-yZn^mii/XT-MzX ->X 

m^m&tw^\,zmm^h^wmmm.^Wr^x\ > 



-H)' i Srl8!iJiHift*«fil'fftfc«>tc. &»rcii 
{ivx?¥ffl£;^T £>ix& J: 3 

^zmm^>ttzimtamit . 
[0009] fieswasaaiwjftTaftAfifiS^**^ 

[0010] *«BB^BWtt. §6H«)*f*Mfc:WL-t» 

v yxmwzmgttz ztx'bt. 

coon] «pt*«^>awtt» ^ttSr-eoMs-JW 
a»&#irc& yxgmitwgth ztx*hz>. 

[0012] zt>iz, ^mKosmt. mrfttzmiz-m 
mm : mLt:®MZit&. trziz/xxxsmizmmztifz 
Mmft^mzmft-th tz#>nmftmmzm$i-t& ztx- 

[0013] *»»*>JM*>BWML ITWSmRfc: i o 

&mt ^xtu> zmtth zhx-foh. 
[ 0 0 1 4 1 § e>tz. *&mmp>Emt. vmsm 
mz^zti^hiz^^mmkisXT^zimtt 
hz\tx'hh. 

[00 15] 

^co&stfcfcwc. m^mtmvmftnimm&iBKiz 
mvx. Kw&fo^t miz&mx'Z hmmzm-th . 

[0016] £ OB . «^S^2^^, 

E£*1/>"X«. fflSKMU AS— Ol^X 5?iJ£ r 3 .j 

X, mXnv'x^>-3V^^X<i, -?-c0s(f*-^ffl* J 

&-<mm^yx<nmii^mh~?Kthz. o izmsz 
tih. zoLx, m~ cornels yx\tw,—<r>mm^yx 

izi ^xmmi^iy^titzimcom^.t:^rcr,mifM^M 

fi^i^vxrx^ /h^fg^i. w,-(rms^\yy 
xtm-com^v-yxco^M^Mm. fitf 2<m\% 

o^MSIUSOT. f 1 1 f 2c7)W<7)2«-Cft§. 
[0017] 2ft.<oW.%vyx\&. m-(om%uyxco 

ti. m-<v®5*.is yxmj$$m<r> 2 mnmmtfim^ 
m&e>ismi&?t>titimmfcmLx rtrnu -r-* 
h. 2wsm^yx\t. im%mm&mi*Tte% 
<. uyxzm&-t&%mm<,z~o^x . ^^«^Sr# 

ar, ^^x^^xti-eo^K^ciEfc^^o, * 



[ooi8] *&mi££tLt£* ft^m&mi&mm-n 
[0019] zoftTw&mmwteKz^ . 

•/ b oWfoart hfrl>X'foh. 
[0020] m®cD«iSmcI£H$ft*:&^&»»$l 

[002 1] tit mmn : mwH*mfrt>&W)2 

•TfcSI - U- >XC J: o TJS«rt- -S J: 5 iz Ltz v ^ 

z v>m-<?>Mj&u yxnytfttmiz a v ix t&wm 

W yXlzi. otl64?ns*IiW:liaS; fc *>TS 
4IRE«»*«tt-f-*«»»KiE*{«^.4. fifc£*ifc 
OSMi. #«^&^3:ftxa*l'>XfcA4fflf*K 

[0022] ^1/ y h^'fi(6lSa^A^^«S^ia 

[ 0 0 2 3 ] #* L<ti. OfrtiSSIBiSMt^T-Afcfi 
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il/Wl/ vxyfv >y hOfl^HifclSS 

mztit:. tk^mj&j&T^-i-vizx-ixfemzti&ft 

[ 0 0 2 4 ] $ I|iilgHitf»iyXfA, 
«pC3fet« : FiaWlt ( SEM) £J:tf&i«?&tKtt 
(TEM) (=*JV^Tttffi"r&ii:fcff4LV^ 

srtyy y iz£^xv>7')Vifi)i<r±.<7)?mv>±izm 
sjs*u u$\±tzm%ztitzm : ?cDms.i\Fm£.£') , - 

[0025] ^a«^F^i(i. ■9->'7 , ;P*;^±t:» 
J^Mffc&^ffiS^mWl^XiiaKJ: -^T-f^i 

\a\mwiiu>xgm<7)~&&ffi&L. fe^mmco&n& 
ttM®<r>m®frt>ftz>m?tf. ®.wm*muift±iz. n 
v wmfflgxmm- h z t aMm 
[0026] m-comizxtitf. *%pmwnmn,zi5 
^X rfiiifti/yXj £Mi r*r$mi<->xi tmz 
tihw$5>v>xmm.izm-th. z^x^m^yx^ 
mw-nnmbizmLxmrnbizmmmtem 
ft*w&t&£ms>x : mw.*ffiz-. mm%-\±mm 

u mzm&i'yxmwtezuz. #&l<h. 
yx%mtfmi~t h mkryixzmto hztt^x-%. m& 
izitm Lxft¥mzmwnttimtz¥mz&mz^&m 
iEmR&m&&mM36m*mx.&. *<o««. vy 
x^^zx^n^^mtmn^m^mtiK vyxa> 
(mm^w) imm^^m^tixuyxizxm^e 

mzhffhix. tp&ZfttiXUyXmWtzA&ztizJ: 
[0027] *?tmz , «EjEBHH±« wnvyx 

mw.<m.RMzm&zK&mkcr>mLmm%m*ffiz-z> 

mm±. mmisyxmw^mmRzwmLZ^zbtf 
wgx'#>&. ztin. m®mzmmm { %< . tmm& 
ttio^v ^mix-ffif&$tiK , wdsritfitcisiiisr^t^^ 
m-cDvyrmz. m%mm<vM?miz. mmbm>b 
Fimzms-t h zbizx*) mm-? h . ^ (nw&<rmmL 

<rmM.nr\i.X'%ti\Z 1 OJ:0A#^. 1 OOiO 
A#>«\ S<>Wil OOOj;0A#^C:t^a4Lv\ 
«^«^»ta(i. T-^^tfl 0 3 fi/mJ: 0A#v\ 
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ML<(J10 6 Q/mJ;O^V\ fii*?£L<«41 
[0028] X'ZtllX . lfS-<OU >-^Sf«iH^W^l:@ 
[0029] aattWWvvBJHc i 4 y y^Ji. ms? 

u yx^s^suiw » >- ^rtcotfrp abwiaw- •?> « 

*a:*a*u ^T'£>^«49i«v^«®$«:f;:4 , 3. + 

[0030] 3rl>^< . B&^=?>f /PoOTgfta, 
2 o4 fcti 3 & & v *U3Lhtf> D i^lc* < 

[0031] floram*. mmtzmettttonim 

t w®m? 4 jw-mimjEizistftfz, z tx-mi-t 
h. 

[0032] KctK< . mmuyxmmi. mMtzm 
wzimmzfflg.zixh'jf-%< t i>ukmmm>zi4 
[0033] mmmzmmm^< . ^v^am^se?: 

4«5EBW*» 8df fak: JIT ^»^jg»f L . flOESt* 
[0034] 8^>X|£S{43:&^< > JR££«t 

mmz , Rtttc . # 2 l < t4?s-o ij y y v ^± 
[0035]*^, asvu yxgmj^ttcf^ 



*wrM-sy<r>. ms^zfLxftmzwmstih . 
[0036] e^ix>-x^a<4, »*t<«, -?*?± 

[ 0 0 3 7 ] 0 1 (4. *f6fflt= J: S«I"I^B 1 Sr^rT. 
£*lt4. 1 0 0 k e V«0X*A*¥— J^foSfKoH 
T, Wmi 8 0mmO:£i£gggtf Sr^TT* 2o<y)EB 

s. t>3«4. ry^-y Y3(nnwm 

¥W9lZ§£W.Ztltzmi L mfmT^-^'r l 15:. ^x 
U y h 3 C0«Tffi 1 3 fc&B£fl*:VX? 3 *>±fctS« 
-r*fS»J^*fc't. tm&SJBT^-?-* 1 1 14, 

^ 1 5±(t$iiB<7)(4o # o Ltzmmmm 1 6 

***«jf(uisraif <7>«^s^ft^-ri». sorts 

{480mm. fiDV^-r >y7"(44 0 mmtfcS ♦ 
[00381 a^i^^XSi:?^. 2f<0ffi(SKft^fflS 

test ut . y 7 v y h 3 ff>mm 1 9 ^iafcmwtcis 
a$#is. s^iSfiiyer^N-f-r 1 lco^tn^^ 

^Wl 9±tcg«$ixS. 

[003 9] U>X5 k Hz£^X5t£iZtl&Wft<r>. 
mmi 9(C[S|*>9tt^r6]^B z<™&ft3$j£#?|j£. 

2 3*^X1^ -y h 3 C0«*ffi2 1 IzmfcZtl. 1W 

yxp«yhSrii3a^sj:d(^oTv>s mn^fv 

•y M . 

[0040] mffi2 1 Offi«rt(C(4$ L^yX5 

B2 5fcioTM^t*ffl«l 9*^^»$n^f4^ 
(VTH) 27im-?X. ¥?V~,Y3<F>\sVXl\Z.^ 

AO. |B|«KM^Wi&L^«®t-7X^l 50±C* 
U*»L. ?4^2 7(4U-VX7^4oTfil :! FH 

2 9 ^^±-ri»tSIEeW3 >f ;n 8 1 »t 1 7 K 

4 -5 xmi? & v >x 7 commmmzmhi t>Kh xoiz 

mmZtlZ. WgI2 9ti. 20<D«fa3-f/U3 1 
t3 3ft{i^. cn4>{4-?-iX^U>X70fefrl 7c7) 

8-ottl *firift|*=^.rrtffllfc:»«3*t4. 
[0041] <I|6J3^^3 1^:3 3(4. *^W1 9SrSI 

£ZtihM#comi;ftfRft<Qm-mmscizitM-t2>*;Z 
jg#*i<4. «i*i3>f )V3 1 h 3 3ffmmmm:'mmz 
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[0042] BJEmmzZ h £. fM«H:i-5 
[004 3] U>X5b7<7)&«ii. *tl*tl 

)V37b, ZKHiW >X5tl <WWk)]1&>mfi *) <T> 

[0044] %L?$mmmm2 5(4. mm2 1 khl 
s. 

[0 04 5] if[Sj3-f;U3 1 , 3 3, 4 1, 43<nW^ 

<m^.m^m3i,z^mbhx^ : m3 attbm Ms 

ajjUblXcommcoBtf;. m3h\,5.+rb)Va4)Vb L 
T®ff, 03 ctta£-9-K7P=M7!/fc LXBttZZti 

[00 4 6] H2A^Bfl^>*^J:dtC, i6*l#|H) 1 9 # 
(07x7^ h'J^S 1 -y 7 4 9 lx>-X7C0 

i 7 o»ss 3 5 eo«rtrisi £ jit nig(c«iani-cRX 

9^7x7^ MJV^S l<0X*«y?4 90 
rtHCtt. ^Dlffiltfllt^^cO^xT^ MJ^S 

-fc-y h 5 3<07x7-f hUV7'5 5<7)|*HI!l^gRi(i2 
8mm. ?H#gRa(i3 2mmTl)S. 

[0047] «[6jrJ>f ;l^3 1 t 3 3<y)-eiieh(4. rtd 
<0** «*/ 7 5 3<7)(fcfrfflfcjlT*M»J& 1 & 3*«7)7x 

hU^SSt****!, JR^Hrifc:M/l-3 7(4. WTTfa 
(-JIT. X:?y7 5 3CD't>$ : cr>7x7'< bV>75 5t,Z 
3£j5«h.&. 7 , 'fti7;il3>f;l'39l±7x7'f h'J 

v yx 7 eomm 5 6 frt>mnfti,z$m. 23m mtam 

tLX&*). 34*3 lt33c7)&xcr ) mJ]fag:Zl l imm 
C:2 4mmT&&. 

[0 048] 7i5-< boy^5 5<r>wm-ii\B\'^<r>mfa 

3 4 IV 3 1 b 3 3O3£tS<y)IJM£04(;:i5c$\ 

[ 0 0 4 9 ] 04 atty*I*I^}5«HFaWB y 

#Bx£f^-SfcA<0*«*ijc*-. I4cll 7x7 

4 h y ^5 5±TH4 a fc 4 bC*t«ifri^3* 

[00 50] 2ft.cr>\s>X5 b 7 £TS htSmW^zm 
tztblz . p yX 7 do v ->T5t{cl«Bj LfctfWS 

ftTVi&l^ 9*^07 h 'J >7<?)2r>C7)X? -y ? t 
U->X5<7)fi§n-^S3 5c0W7jr&)^T(*lil|CiS 
Bf4. U>>L. 2o<7)X^.y^^3*>tt73(6ld.rrt 
«t=li6«3K«, «fi34*3 1 fc 3 3 £&a«5rVk. 
UyX5 <7)lRMR6il:3 >f * 3 7 t3i% . <7)tt77 
f6]fc^,Trtffl!l<50X^ y^cr), ltt(Jltlt«t<jlW)7 x? 

4 h y ^fc*< . 



[005 1 ] 8mi#t&iSB2 5<7>3 4/l'4 li:4 3c7) 
Mi. H8CBL<5^T. 8ff*l#i&gS2 5l4. PI 

tag-?. mmkxmw.zti. jww2it«tt«» 

=5rl 7*(07x7'fh | jyy'6 lCO-fe y h 5 9S:*f 
S. Mftmz%X&7 h0>?6 ltfHHHKii* 
7x7^ h U >-^com~0-fe -y h 6 5c7)S^*^#V^ 
x7>( hy>^6 3a*i!M$*XS. «[6|34*4 li:4 
3(4. «Cfrflfc.S.Trt»0*yh 5 9*57*54 b>)> 
1 fcfctftfu ^c7)«i|co«^JS:ll3 a*>£> 3 c 

^•r. 7x7^^/61 tc«A^ifc«iiiwnffl*[fli 

Effigy: W5. 04CO««(C^JE-TI». fiifr 34* 
4 1 4 3^*8(4. tWflfc*Htt&»6.H.T. 2#S*> 
f>6SI©7x7^ h y V^t=«3WtS . 
[0052] m<OffiE?4}V4 5(4. Jx^MJ^ 
6 1 WTs? . y ? 5 9«. 'ffl^flfcji-CrtfflfciSSSfl 

[0053] ii6(i. iai(c:*-riif6i^ai ^ffl^co^ 
4*£j»t-&tobo«fi^T'$>s. yyi^>yh3<op 

yX5t7«3^f/H 8(4— ^flSrt'IBKlSiX. 
X5 t llfittLrtHrflZWX 1 8 OmmCOMfimi 

mttz>-rzMz. ®.=f-w&mmw.2 5<r>mfa-=i4)V4 1 
1 4 3(4. mfomm£amt&im&»6 1 s-^-rs 

«aKJ: yiB»$^S. J±M5£i«4i C d 1 1 

Cd2ttl.. 

[0054] tt : F«2 7i0^t!lM(C^jC-n. 1^>X7CD 
^tt^Kj^eci-r^fc. U>X7(Da 4)1-3 1 t 

3 3 i>mmiZitM&ft6 1 ^*-TS«»iET'ig«)^fi. *f 
JB-r*JtW®RSrCd3. Cd4fc7r&. !i^M^$rK 
±-rSfc»fc. «(S]3^f;U4 1 , 4 3, 31, 3 3(wEP 
jD$itS^gi[(4§ t>lZ$3jj8.ft6 3 i>^~f& . 

[00 5 5] &JEn4)V39, 4 5i3 J:t/lRliR6±3^ 

6 5 2rML. #^^Jt^i!t(4C f 1 , C s 1 , C f 
2, Cs2, Cs3tt§. 

[0056] JtW^iitC d 1 , Cd2, Cd3, Cd4 

<mmt. mscomw^mttzmmwzmmmmiiixm 

mtti%r&, ^S^< . |Cdl/Cd2l = |cd3 
/Cd4| =lc7)ra«$ri1l^-r^*<4^. 
[0057] 07(4. *^l^>X5i;7^^'7'l' y h3 
(3<k^TBSBj§fgigi 6 b LX^X? 1 5±CS«?tll 
S^^T^n'-^-^ 1 XOitd^^M^X^^b 9(0 
«EB&*^-r. ISIR^-fA6 9(4. W.1rtf>7 lb. M 

=f-f}v7 1 fr^msztiK-mttmnz. o izm&fmy 

^N-f-^r 1 l(C|6Kti»m^8^^>'X7 3SrCli.l,. 
[0058] 0(c4suyx^yixy h3. fii^^lft 
SIS2 5. ifl®12 9<Offilftt, ^8US»TyN* 
1 l*^(ii:^i:M^^^t•r('^^ 1 5±<7>SI 

1 9frt>&m*smxhz>. mmmmi 6<7)Wt®x'it, 
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0. 2 umcr>tmimt& <3$iJgA*2 0%#»£>8 0%C:ii 

in) &mix'%h. ©7^2 6. 2 7imm&& 

(fUrVb^f^ ) . 
[0 0 5 9] ijy7-tv h4 9, 5 3, 5 9, 6 5(2. 
tz b . OT^i 3 ^3fC'# § . 
[0060] ^St^ff^'lBltT'lilrt-^ft? 

u*7x?4 hvy<?zi%m<nmzim : &th. mz^ 

UZ&^i><VX'fo&. tzb MS. Corningtt**M 
a c o r b V* ? ^(Ri^T'lR^-r £ ^X -fe 5 5 y ? W£ 
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